Modeling and analysis of ultrasound elastographic axial strains for spine fracture identification.
Objective -This study reports the first use of ultrasound elastography for imaging spinal fractures by assessing the mechanical response of the soft tissue at the posterior vertebra boundary to a uniaxial compression in rabbit ex vivo samples. Methods -Three-dimensional finite element models of the vertebra-soft tissue complex in rabbit samples are generated and analyzed to evaluate the distribution of the axial normal and shear strains at the vertebra-soft tissue interface. Experiments on the same samples are performed to corroborate simulation findings. Results -Results of this study indicate that the distribution of the axial strains manifests as distinct patterns around intact and fractured vertebrae. Numerical characteristics of the axial strain's spatial distribution are further used to construct two shape descriptors to make inferences on spinal abnormalities: 1) axial normal strain asymmetry for assessing the presence of fractures; and 2) principal orientation of axial shear strain concentration regions (shear zones) for measurement of spinous process dislocation. Conclusion -This study demonstrates that axial normal strain and axial shear strain maps obtained via ultrasound elastography can provide a new means to detect spine fractures and abnormalities in the selected ex vivo animal models. Significance -Spinal fracture detection is important for the assessment of spinal cord injuries and stability. However, localization of spinal fractures using ultrasound is currently challenging. Our results show that features resulting from strain elastograms can serve as a useful adjunct to B-mode images in identifying spine fractures in the selected animal samples, and this information could be helpful in clinical settings.